We introduce a new scientometric index, inspired by the Lobby index from complex networks literature, that we call K-index. The K-index grows with the impact of the citing papers and can be thought of as a measure of scientific creativity and innovation. We show that the K-index can be easily computed from the Web of Science platform and presents several advantages over other bibliometric indexes. The K-index is robust to selfcitations, is not limited by the total number of papers published by a researcher and is able to distinguish in a consistent way researchers that have the same h index but different scientific impacts -Einstein and Hirsch, for example. The K-index successfully detects a known case of inflated numbers for papers, citations and h index due to scientific career fraud. Finally, we show that, in a sample of twenty-nine physics Nobel laureates and thirty highly cited non-Nobel-laureate physicists, the K-index correlates better to the achievement of scientific prizes than the number of papers, citations, citations per paper, citing articles and the h index. Clustering researchers in a K versus h plot reveals interesting patterns that can be interpreted in terms of innovation and recognition.
Introduction
Research in productivity and scientific impact indexes experienced a boom after Hirsch introduced his h-index (Hirsch, 2005; Batista et al. 2006 , Egghe, 2006 Schreiber et al., 2010) . One of the decisive advantages of the h-index over its competitors is the easiness of calculation even before platforms such as Web of Science (WoS) and Google Scholar implemented it as an automatic feature. The Hirsch index has been used not only to evaluate individual researchers (Hirsch, 2005) , but also single papers (Schubert, 2008; Martínez, 2014) , scientific journals (Braun et al. 2006 , Malesius, 2016 , universities (Abramo, 2013) and countries (Csajbók 2007) .
Despite its broad acceptance, the h-index has well-known drawbacks (Keijzer & Apt, 2013; Bornmann et al. 2008; Waltman & Nees, 2012 ) An important one is that high impact scientists with a relatively small number of papers N cannot have a high h since h ≤ N. Another issue is that scientists who clearly have different impact in terms of scientific innovation and creativity might have similar h-indexes, as is the case of the pair Einstein (h = 51) and Hirsh (h = 55). One of the reasons for this degeneracy is that the hindex has a narrow dynamic range: integers from 0 to about 120 (Hirsch, 2005; García-Pérez, 2012) . The hindex is also prone to distortions including self-citations (Keijzer & Apt, 2013; Huang & Lin, 2011; Schreiber, 2007) and spurious citations. There are also issues related to dependence on the scientific area, although this can resolved by proper normalization (Batista et al., 2006; Iglesias & Pecharromán, 2007; Alonso et al., 2009) .
Lastly, it is not clear how the h-index correlates with more qualitative indicators of impact such as scientific prizes (Mazloumian et al., 2011; Abramo et al, 2014 ).
Here we introduce a new index, which we call K-index, designed to address the issues discussed above. The K-index does not depend on N, has high dynamic range and is very robust to self-and spurious citations. In addition, the K-index correlates better to scientific prizes than the number of papers N, the number of citations C, the average number of citations per paper C/N, the number of citing articles CA and the h-index, that are indexes readily available on WoS. Furthermore, the K-index can be easily determined by inspection of WoS and its calculation can be potentially automated in WoS in the future, in a manner similar to the calculation of the h-index.
Definition of the K-index
If a researcher received along their career, at least K citations, where each one of the K citations have got at least K citations themselves, the K-index of this researcher is the maximum number K that satisfies these constraints. The K-index measures not the raw quantity but the quality or importance of the citations received by a researcher: only highly cited papers that cite them enter in the calculation. We will see in section 3.a that it is very easy to calculate the K-index by using WoS platform.
From now on, we will use the following notation for the standard indexes furnished by WoS:
• N = Number of papers;
• C = Number of citations;
• C/N = Number of citations per paper;
• CA = Number of articles that cite the researcher (without self-citations);
• h = Hirsch index.
Methods

a. Calculating the K-index using WoS
In contrast to most scientometric indexes, the K-index is easily calculated from WoS platform. We presume that other platforms like Google Scholar Citations or Harzing Publish-Perish could be adapted to provide K without difficulty. On WoS, the procedure to get the K of a researcher is:
• Search the papers of a given author;
• Click on the link Create Citation Report;
• Click on the Citing Articles link (or Citing Articles without self-citations, if desired);
• Have the list of citing articles ranked from the most cited (defined as r = 1) to the least cited paper;
• Compare the citations c(r) each citing article received to its rank r. In a descending order we have r < c(r) up to a number K where K = r ≤ c(r) but K+1 = r+1 > c(r). This defines the K-index.
The procedure is similar to the calculation of the Hirsch index, but now we are working with the second layer of citations, i.e., citations to the citations of the researcher. For the K-index, only citing papers with c ≥ K compose the K core.
b. Correlation with other scientometric indexes
To study the correlation between the K-index and indexes N, C, C/N, CA and h, we have sampled 29 recent Nobel-laureate physicists and 30 highly cited (but not laureate) physicists, mostly from the ThompsonReuters page Highly cited researchers 2014 (http://highlycited.com/#physics). For each researcher we obtained from WoS for further analysis N, C, C/N, A and h and K. Physicists from the past such as A. Einstein, P. Dirac and E. Ising were used for some comparisons but not for correlations between indexes.
Results
First, we examine the correlation between the new K-index and the standard indexes extracted from WoS for our two samples. Second, we study the correlation between the ranking produced by several indexes and Nobel prizes received by the sampled researchers.
a. Comparison to standard indexes
In Fig. 1 , we compare the K-index with the standard indexes furnished by WoS. Notice that most of the correlations are weak indicating that the K-index can give non-redundant information. There is a noticiable correlation between C and K and between CA and K -the same happens for C and h and for CA and h. However, K brings unique information, as we will discuss later.
b. The K versus h plane The K and h indexes are complementary. This can be view by plotting researchers in the K x h plane as in Figure 2 . Although there is a general correlation (Pearson correlation = 0.7), the interesting features are the outliers. We suggest the following classification, where the words true and false refer to expectations created by h ranking:
• True positives (high h, high K): researcher with both high production, impact and recognition.
• True negatives (low h, low K): researchers with low important production and impact.
• False negatives (low h, high K): researchers with few papers of high scientific impact. This comprises both highly creative scientists that by some reason (young age, death, change of career, emphasis in patents instead of papers etc.) have fewer papers and low production of important papers.
• False positives (high h, low K): researchers with possibly inflated h or with large production N and high citation C, but with no exceptional scientific impact on important papers in the literature. In Figure 2 , we notice that industrial and theoretical scientists tend to have lower K for a given h, while materials scientists, especially in nanotechnology, have very high K for a given h. We also notice that for similar h, Nobelists tend to have higher K on average. Figure 2 also shows the case of Ernst Ising, who has h = 1 from a paper authored solo (Ising, 1925) . Despite low h, K-index = 100 characterizes Ising as a recognized innovative scientist.
c. Scientific prizes correlation curves
We constructed a correlation curve between indexes and Physics Nobel prizes as follows: for each index (N, C, CA, h, K), we ranked the researchers of our sample. In the horizontal axis, we placed scientists from highest (r = 1) to lowest (r = 59) ranks. For each Nobelist, we raised the curve by one step and the curve is the accumulated sum of scientists with prizes versus their rank. a. K-index does not depends on N We believe that one great advantage of the K-index is its indirect dependence on the number N of papers published by the researcher. K has no upper bound while h ≤ N. An extreme example is Ernst Ising who published an influential model, derived from his PhD thesis, in a single author paper. This paper received 1373 citations at the time of this writing. After publication, due to socio-politics factors, Ising emigrated from German to the United States and became a high school teacher. The only other paper Ising would publish was about Goethe's optics (Ising, 1950) , with a single citation in WoS. Therefore, Ising hindex is equal to one. This seems to be unfair classification to someone who published the pioneering idea on what is now known as the Ising model. The h-index puts Ising in the same rank of any undergraduate student with a single paper cited a single time. However, the K-index tells a very different story: Ising K-index is 100, a considerable value. This is more fair and puts Ising well above students with single papers. A K > 80 definitely indicates a world-renowned scientist.
Another example is Paul Dirac, who has h = 15 but K = 130, recognizing his innovation and creativity.
b. K-index has larger classification range than h index As observed in the K x h plane (Figure 2 ), the range of K is at least a factor of three times larger than the range of h. This implies that the K produces a finer discrimination between researchers. This is a clear advantage for ranking purposes. On the other hand, the index continues to be based on integers. This feature gives more stability to ranking since real numbers ranks are more prone to spurious ordering.
c. K-index discriminates better scientists with the same h index: the Einstein-Hirsch paradox The h-index frequently presents paradoxical results on its ranking, giving similar large h-index to researches with widely different scientific impact. For an example, the h-index of Jorge Hirsch is 55 and of Albert Einstein is 51. An explanation would be that Einstein published in the first half of the 20th century, when the scientific journals were less developed and in lower number. This could be a factor, but a more likely possibility is that the h-index has poor discrimination power for researchers with large N and C.
Indeed, the K-index for Hirsch is 200, which is very high. However, Einstein's K-index is 299. Remember that it is very difficult to grow K because of its non-linear nature. Therefore, we conclude that the K-index can lift the degenerescence present in the h-index and discriminate between scientists of different stature that might have similar h.
Let us look at another example: Einstein ( h = 51; K = 299) and Edward Witter --the most cited physicist of the world ( h =120; K = 368) . While Witten's h is more than twice what Einstein's is, Witten's K is less discrepant .
d. K-index is, like h, easily computed
The great advantage of the K-index, in contrast to most alternative indexes (Schreiber, 2010) , is that it is very easy to compute in WoS platform. Any researcher, by using WoS, can calculate their K-index. We presume that, if the value of the K-index is recognized, WoS, Google Citations and other databanks can easily implement an automatic calculation of the K-index, as it is presently done for the h-index.
e. K-index is very robust to self-citations
Several studies have shown that the h-index is prone to manipulation by self-citations (Schreiber, 2007; Huang & Lin, 2011; Vîiu, 2016) . It is very easy to see why the K-index should be robust to self-citations or spurious citations from friends. Only highly cited papers compose the K-core. If the researcher makes a selfcitation, this will count only if this citation is present in a highly cited paper, which is a rare occurrence. The same is true for spurious citations from friends. Of course some (small) difference ∆ may appear between the K-index calculated from all citing articles and from the citing articles without self-citations (also furnished by WoS), but our claim is that ∆K/K is much smaller than the corresponding ∆h/h. Although, CA keeps some correlation to K (see Fig. 1(d) ), the K-index is more robust to self-citations than CA. For self-citations or friend's citations CA is of the order of N 2 , while K-index depends only on the Kcore of highly cited articles.
f. K-index detects scientific career frauds
A public instance of scientific fraud has been denounced by Nature (Schiermeier, 2008) . The researcher, El Naschie, who was the editor of a scientific journal, was suspected of scientific misconduct. Superficially, his scientific career looked impressive: N = 291 and h = 34, which would put the researcher among top ranking physicists. We could compare El Nashie with physicists such as Robert H. Swendsen (N = 140; h =35) and Alexander Baladin (N = 92; h =36). However, for the fraudulent case we have K= 39, in contrast to K = 188 and K = 152 for Swendsen and Baladin, respectively. Therefore, we suggest that low h/K and K/N ratios could be indicative of abnormal publication patterns. Of course this claim should be validated by more investigation in each case.
g. Correlation to scientific prizes
Some literature studies have discussed the relationship between indexes and scientific success in terms of future performance and recognition such as scientific prizes (Hirsch, 2007; Vinkler, 2007; Hönekopp & Khan, 2012; Penner et al. 2013) .
As shown in Fig. 3 , the K-index correlates better with Nobel prizes than N, C, C/N, A and h. Indeed, it is surprising that the h-index performs worse for this task than any of the other indexes compared. In addition, the K-index has the smallest coefficient of variation (CV) of all indexes comparable indexes for Nobelists, according to Table 1 Table 1 : Statistics for the sample of laureates for different indices. The K-index has the lowest CV among competing indexes.
Here we must make two observations: first, correlation is not prediction. We cannot to say that the index predicts that the researcher will win a prize, because citations are counted in our sample also after the prize (and perhaps C and CA are increased after a prize). To make a study of K as a predictor of scientific prizes we must count only the citations received by a laureate scientist before the prize (or study scientists that have not yet been awarded a prize and follow up for possible prizes).
h. Limitations of the K-index
Since K does not depends on N, it is a scientific impact index not a productivity index. As we have seen, Ernst Ising with N=2 has a large K-index of 100. Someone with few papers but that publishes (possibly with seniors researchers) a well cited review or participates in large science collaborations might have a large K but a small h. So, the outliers with small h and high K in the K x h plane must be analyzed carefully: some are big science low N collaborators, but others are low N high impact scientist, even Nobel prize winners, that have fewer papers for factors like premature death, abandon of scientific career or production with emphasis in patents instead of papers.
i. Comparison with other new indexes
In this paper we compare our K-index only with standard indexes N, C, C/N and h. No comparison is made with other new indexes such as the g index (Egghe, 2006) and the hI individual Hirsch index (Batista et al., 2006) . We chose to work with the WoS database, where the K-index can be easily determined, but where the computation of indexes such as the new ones mentioned above is not trivial. We postpone a comparison between the K-index and the new indexes to another work.
j. Generalizations of the K-index
As has been done for other indexes, we can generalize and adapt the K-index to evaluate research impact in a number of contexts:
• Proximal Km index: in the calculation of the K-index, only articles from the researcher published in the the last m years are accounted.
• Recent impact Ky index: in the calculation of the K-index, only citing articles published in the last y years are accounted.
• Group KG index: As in the case of an individual researcher, we can compute the citing articles received by a group (research team, department, university, country, etc) . For department, university and country it is currently possible for open access users of the WoS to compute the K-index if the number of records is lower than 10,000.
While N is the raw scientific output of a researcher, the h-index can be associated to papers that are useful for other's research. We postulate that the K-index is associated to scientific creativity, innovation or leadership. Innovation is the production of successfully accepted concepts, discoveries or scientific theories. Scientific discovery can be classified as innovation when it is well disseminated and helps with creation of value to the scientific community and the broader society in general. A large K is potentially reached by fulfilling an important demand of the scientific community, pioneering a new area or generating scientific interest on scientific leaders in a number of associated fields. The K-index reflects creativity and innovation for science, as opposed to creativity and innovation for applied science or technology. In the latter case, the K-index, as we defined, would not be extraordinary high. We can observe this limitation in the K-index of some Nobel Prize winners in electronics and other applied fields that are relevant to society as a whole but does not necessarily help with the understanding of scientific problems.
Conclusion and Perspectives
We have introduced a new citation index (K-index) that can be easily obtained from WoS platform and is complementary to N or h. The K-index outperforms the Hirsh index in several aspects: has a larger classification range and distinguishes researchers with similar h, does not depend on the number N of papers, is robust to self-citations, is a good detector of cases of scientific fraud and has better correlation to scientific prizes. The K-index also enable several generalizations. In particular, it can be applied to research teams, departments, universities, and countries. Research in these areas promise very interesting results.
